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@ Randomly polarized light from a light source 
(305) can be converted to linearly polarized light by 
use of a polarized light beam splitter (303). transmis- 
sion means (304) for rotating a polarized light plane 
by '90* , a reflector (308). and a first prism formation 
plate (302). The width of linearly polarized beam 
thus obtained can be diminished by use of a reflect- 
ing surface (307) and a second prism formation plate 
(301). 



FIG. \ H 




Rank Xerox (UK) Business Services 




EP Q 460 241 A1 



[Technical Reld] 

The present invention relates to a polarization 
forming optical device for changing a light beam 
having a random polarization characteristic into a 
linear polarized light. 

[Background Art] 

It is known that a linear polarized light beam is 
useful for a light source of a liquid crystal projec tor 
or illumination such that imaging of a light source is 
undesired (e.g.. illumination through a glass surface 
or a water surface). 

_ Conventionally, such a linear polarized light 
be^m is formed by transmitting light from a light 
source having a random polarization characteristic 
(e.g., tungsten lamp, halogen lamp, xenon lamp or 
metal halide lamp) through a polarizing plate. Upon 
transmission of the incident light from the light 
source through the polarizing plate, a polarized 
light component having a plane of polarization per- 
pendicular to that of a transmitted light is cut off by 
the polarizing plate. Therefore, a light quantity 
(transmitted~light quantity) to be utilized is reduced 
to at most 50% of a light quantity from the light 
source. 

Thus, the polarization forming optical device 
employing the polarizing plate has a problem of 
large loss of light. 

To avoid such a problem, it has been proposed 
that the light from the light source is first divided 
into, -two linear polarized light components by 
means of a polarization beam splitter and then a 
plane of polarization of one of the two linear po- 
larized light components is rotated at 90* to follow 
joining with the other light component. 

Such a method is described in Japanese Pat- 
ent Laid-open Publication No. 63-197913. Japanese 
Utility Model Laid-open Publication No. 63-187101. 
Japanese Patent Laid-open Publication Nos. 63- 
271313 and 63-168622. and Japanese Utility Model 
Laid-open Publication No. 63-150922. 

, In the" method described in Japanese Patent 
Laid-open Publication Mo. 63-197913 and Japanese 
Utility Model Laid-open Publication No. 63-187101, 
one of the two linear polarized light components 
divided by the polarization beam splitter is succes- 
sively-reflected on two reflecting surfaces to there- 
by rotate the plane of polarization. Such rotation of 
the plane of polarization by reflection is preferable 
from viewpoint of non-dependency upon a 
wavelength. However, it Is not preferable that a size 
of the device becomes large, so as to ensure an 
optical path of a reflected. light. 

In the method described in Japanese Patent 
Laid-open Publication No. 63-271313 and Japanese 
Utility Model Laid-open Publication No. 63-150922. 



a size of the device is enlarged. Accordingly, the 
application of the device is greatly limited. 

In the method described in Japanese Patent 
Laid-open Publication No. 63-168622. a TN liquid 

5 crystal is used to rotate the plane of polarization, 
so that the above-mentioned function is realized 
with a relatively compact and simple construction. 
However, two light beams divided by the polariza- 
tion beam splitter diverge to form an outgoing light 

w beam. Therefore, a width of the outgoing light 
beam becomes twice that of the Incident light 
beam. Further, there is a problem of non-uniformity 
of brightness of the outgoing light beam. 

15 [Disclosure of Invention] 

It is an object of the present invention to pro- 
vide a polarization forming optical device for for- 
ming a linear polarized light from a random po- 
20 larized light source, which can be made compact 
and can eliminate or suppress expansion of a 
beam width and/or non-uniformity of brightness of 
an outgoing light beam. 

According to a first aspect of the present in- 
25 vention. there is provided a polarization forming 
optical device comprising a polarization beam split-^ 
ter for reflecting one of a p-polarization component^ ' 
and an s-polarization component of light emitted 
from a light source and for transmitting the other: 

30 transmitting means for rotating a plane of polariza- 
tion of one of a reflected light and a transmitted 
light from said polarization beam splitter at 90* ; a 
prism formed plate having a plurality of prism rows 
on one surface thereof for transmitting and syn- 

35 thesizing' the reflected light and the transmitted 
light as two divided light beams from said polariza- 
tion beam splitter; and first and second light reflect- 
ing means for guiding said two divided light beams 
from said polarization beam splitter to said prism 

40 formed plate on an opposite side of said one 
surface formed with said prism rows, so as to 
overlap the. reflected light and the transmitted light 
each other on the other surface of said prism 
formed plate. . 

45 With this arrangement according to the first 

aspect, the light from the light source is divided 
Into two linear polarized light components by the 
polarization beam splitter. After a plane of polariza- 
tion of one of the two light components is rotated at 

50 90* by the transmitting means, this light compo- 
nent is synthesized with the other light component 
After the planes of polarization of the two light 
components are made coincident with each other, 
the two light components are guided to the prism 

55 formed plate by the first and second reflecting 
means such as reflecting surfaces. Then, the two 
light components are made parallel to each other 
by the prism rows formed on the. light outgoing 
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surface of the prism formed plate. Thus, a linear 
polarized light beam outgoes from the light out- 
going surface of the prism formed plate. 

According to a second aspect of the present 
invention, there is provided a polarization forming 
optical device comprising dividing means for divid- 
ing light emitted from a light source into two light 
beams advancing in two different directions; first 
and second polarization beam splitters for reflect- 
ing one of a p-polarization component and an s- 
polarization component of said twd'-light beams and 
for transmitting the other; first and second transmit- 
ting means for rotating a plane of polarization of 
one of a reflected light and a transmitted light from 
said first and second polarization beam splitters at 
90 * ; a prism formed plate having a plurality of 
prism rows on one surface thereof for transmitting 
and synthesizing the reflected light and the trans- 
mitted light as four divided light beams from said 
first and second polarization beam splitters; and 
first and second light reflecting means for guiding 
said four divided light beams from said first and 
second polarization beam splitters to said prism 
formed plate on an opposite side of said one 
surface 'formed with said prism rows, so as to 
overlap the reflected light from said first polariza- 
tion beam splitter and the transmitted light from 
said second polarization beam splitter each other 
and also overlap the transmitted light from said first 
polarization beam splitter and the reflected light 
from said second polarization beam splitter each 
other on the other surface of said prism formed 
piate. 

With this arrangement according to the second 
aspect, the light from the light source is first di- 
vided into two light beams advancing in two dif- 
ferent directions by the dividing means. Each of 
the two light beams is further divided into two 
linear polarized light components by each of the 
first and second polarization beam splitters. A 
plane of polarization of one of the two light compo- 
nents is rotated at 90* by - each of the first and 
second transmitting means. Thereafter, the two 
light beams subjected to the rotation of the plane 
'of polarization are synthesized with the remaining 
-two light beams not subjected to the rotation of the 
plane of polarization. After the planes of polariza- 
tion of these four light beams are made coincident 
with one another, the four light beams are guided 
to the prism formed plate by the first and second 
reflecting means such as reflecting surfaces. Then, 
the four light t)eams are made parallel to one 
another by the prism rows formed on the light 
outgoing surface of the prism formed plate. Thus» a 
linear polarized light beam outgoes from the light 
outgoing surface of the prism formed plate. 

According to a third aspect of the present 
invention, there is provided a polarization forming 



optical device comprising a polarization beam split- 
ter for reflecting one of a p-polarization component 
and an s-polarization component of light emitted 
from a light source and for transmitting the other; 

5 transmitting means for transmitting a reflected light 
or a transmitted light from said polarization beam 
splitter and for rotating a plane of polarization of an 
incident light at 90 * ; a reflecting mirror for 
changing an advancing direction of one of said 

10 reflected light and said transmitted light from said 
polarization beam splitter in such a manner that 
said reflected light intersects said transmitted light; 
and a prism for making advancing directions of 
said reflected light and said transmitted light inter- 

15 sected coincident with each other to synthesize 
said reflected light and said transmitted light. 

With this arrangement according to the third 
aspect, the light from the light source is divided 
.into two linear polarized light components by the 

20 polarization beam splitter. After a plane of polariza- 
tion of one of the two light components is rotated at 
90* by the transmitting means, this light compo- 
nent is synthesized with the other light component. 
That is, the advancing direction of one of the light 

25 component subjected to the rotation of the plane of 
polarization and the other component from the po- 
larization beam splitter is changed by using the 
reflecting mirror to intersect both the polarized light 
beams. At such an intersecting position, both the 

30 polarized light beams are synthesized with each 
other to obtain a single linear polarized light beam. 
Accordingly, expansion of a beam width due to the 
formation of the polarized light beams can be sup- 
pressed. Further, by using a synthesizer prism 

35 having a plurality of microprism rows as means for 
synthesizing the polarized light beams, the genera- 
tion of non-uniformity of brightness of the outgoing 
light beam can be avoided. 

. According to a fourth aspect of the present 

40 invention, there is provided a polarization forming 
optical device comprising a polarizing section and 
a light beam width reducing section, wherein: 

said polarizing section comprises a polarization 
beam splitter for reflecting one of a p-polarization 

45 component and an s-polarization component of 
light emitted from a light source and for transmit- 
ting the other; transmitting means for transmitting 
one of a reflected light and a transmitted light from 
said polarization beam splitter and for rotating a 

50 plane of polarization at 90* ; a first prism formed 
plate having one surface formed with a plurality of 
prism rows for making an advancing direction of a 
transmitted light from said transmitting means co- 
incident with an advancing direction of the other of 

55 said reflected light and said transmitted light from 
said polarization beam splitter to synthesize the 
two light beams'from said transmitting means and 
said polarization beam splitter; and a pair of reflec- 
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tors for reflecting a part of the other of said re- 
flected light and said transmitted light from said 
polarization beam splitter and also for reflecting a 
part of said transmitted light from said transmitting 
means, so as to guide both the parts to said first s 
prism formed plate; and 

said light beam width reducing section com- 
prises a reflecting surface for reflecting at least one 
part of a synthesized light from said first prism 
formed plate: and a second prism formed plate k 
having one surface formed with a plurality of prism 
rows for making an advancing direction of a re- 
flected light from said reflecting surface coincident 
with an advancing direction of the other part of said 
synthesized light from said first prism formed plate 75 
to synthesize said reflected light and said other 
part. 

With this arrangement according to the fourth 
aspect, the light from the light source is divided 
into two linear polarized light components by the 20 
polarization beam splitter. After a plane of polariza- 
tion of one of the two light components is rotated at 
90 by the transmitting means, this light compo- 
nent is synthesized with the other light component 
by th^ first prism formed plate. That is. the trans- 25 
mittecf light from the transmitting means subjected 
to the rotation of the plane of polarization is syn- 
thesized with the other of the reflected light and the 
transmitted light from the polarization beam splitter 
by the first prism formed plate, wherein the advan- 30 
cing directions of both the light beams are made 
coincident with each other by. the first prism 
formed plate. However, before both the light beams 
enter the first prism formed plate, a part of the 
transmitted light from the transmitting means and a 35 
part of the other of the reflected light and the 
transmitted light from the polarization beam splitter 
are reflected by the two reflectors. Then, the two 
outgoing light beams from- the first prism formed 
plate are synthesized again with each other by the 40 
second prism fonmed plate in the light beam width 
reducing section.. Accordingly, expansion of a 
beam width due to the formation of the polarized 
light .beams- can be eliminated. Further, by using 
the second prism formed plate having a plurality of 4S 
microprism rows, .the" generation of non-uniformity 
of brightness of the outgoing light beam can be 
avoided. 

According to a fifth aspect of the present in- 
vention, there is provided a polarization forming so 
optical device comprising a light beam width re- 
ducing section and a polarizing section, wherein: 

said light, beam width reducing section com- 
prises a reflecting memt>er for reflecting a part of 
light emitted from a light source; and a first prism 55 
formed plate having one surface formed with a 
plurality of prism rows for making an advancing 
direction of a reflected light from said reflecting 



member coincident with an advancing direction of 
the other part of said fight from said light source to 
synthesize said reflected light and said other part: 
and 

said polarizing section comprises a polarization 
beam splitter for reflecting one of a p-polarization 
component and an s-polarization component of a 
synthesized light from said light beam width reduc- 
ing section and for transmitting the other: transmit- 
ting means for receiving one of a reflected light 
and a transmitted light from said polarization beam 
splitter and for rotating a plane of polarization at 
90' to obtain a transmitted light component: a 
second prism formed plate having one surface 
formed with a plurality of prism rows for making an 
advancing direction of said transmitted light com- 
ponent from said transmitting means coincident 
with an advancing direction of the other of said 
reflected light and said transmitted light from said 
polarization beam splitter to synthesize said trans- 
mitted light component and said other: and a re- 
flecting member for conducting at least one part of 
said transmitted light component from said trans- 
mitting means and at least one part of said other of 
said reflected light and said transmitted light from 
said polarization beam splitter. 

There is further provided a polarization forming 
optical device comprising a plurality of repeating 
units each identical with said device according to 
the fifth aspect, wherein said plurality of repeating 
units are juxtaposed so as to make the outgoing 
light beams from the light beam width reducing 
sections of the repeating units parallel to one an- 
other, and said reflecting member in said polarizing 
section according to the fifth aspect is eliminated. 

With this arrangement according to the fifth 
aspect, the light from the light source is first re- 
duced in beam width in the light beam width reduc- 
ing section, and is then divided into two linear 
polarized light components by the polarization 
beam splitter. After a plane of polarization of one of 
the two light components is rotated at 90* by the 
transmitting means, this light component is syn- 
thesized with the other light component by the 
second prism formed plate. That is, the transmitted 
light from the transmitting means subjected to the 
rotation of the plane of polarization is synthesized 
with the other of the reflected light and ttie trans- 
mitted light from the polarization beam splitter by 
the second prism formed plate, wherein the advan- 
cing directions of both the light beams are made 
coincident with each other by the second prism 
formed plate. Even though expansion of a beam 
width in the polarizing section is generated, this 
expansion can be canceled because the beam 
width is reduced in the light beam width reducing 
section provided before the polarizing section. Fur- 
ther, by using the second prism formed plate hav- 
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ing a plurality of microprism rows, the generation of 
non-uniformity of brightness of the outgoing light 
beam can be avoided. 

As an example of the transmitting means In the 
present invention, a 1/2 wave plate is employed. 
The 1/2 wave plate is arranged in such a manner 
that an angle defined between an optic axis of the 
1/2 wave plate and a plane of polarization of an 
incident light is 45* . The 1/2 wave, plate may be 
obtained by . forming a crystal of an inorganic sub- 
stance such as mica or rock crystal to a predeter- 
mined thickness or by drawing a high-molecular 
film indicating a double refraction such as polycar- 
bonate or polyester to a predetermined magnitude. 
However, as the operation of the 1/2 wave plate 
depends on a wavelength, it is not preferable in the 
case of using a white light. 

As another example of the transmitting means, 
a TN liquid crystal cell is utilized. Such a TN liquid 
crystal cell is composed of a pair of transparent 
substrates uniaxially oriented by rubbing or the like 
and opposed to each other so that orientation axes 
are perpendicularly intersected each other, and a 
nematic liquid crystal filled between the transparent 
sutjstrates'*' A molecular axis of a liquid crystal 
molecule forms a helical structure twisted at 90 
between the transparent substrates, so that a plane 
of polarization of an incident polarized light is rotat- 
ed along this helical structure. Accordingly, the 
operation of the TN liquid crystal cell is related to a 
direction of the incident light. That is. when the 
operation in one direction is the conversion from an 
s-polarized light to a p-polarized light, the operation 
in the other direction is limited to the conversion 
from a p-polarized light to an s-polarized light. 

An example of the polarization beam splitter 
comprises two transparent plates and a multi-layer 
polarizing film interposed between said two trans- 
parent plates, each of said transparent plates being 
formed on its outer side surface with a plurality of 
prisms arranged in parallel rows, each of said 
prisms having two adjacent . surfaces inclined at 
45* with respect to a normal to an inner side 
surface of each said transparent plate and inclined 
aet;90* with respect to each other. Further, another 
example of the, polarization beam splitter comprises 
a single transparent plate, a rectangular prism and 
a multi-layer polarizing film interposed between an 
inner side surface of said transparent plate and a 
slant surface of said rectangular prism; said trans- 
parent plate being formed on its outer side, surface 
with a plurality of prisms arranged in parallel rows, 
each of said prisms having two adjacent surfaces 
inclined at 45* with respect to a normal to said 
inner side surface of said transparent plate and 
inclined at 90* with respect to each other. 

[Brief Description of Drawings] 



Rgs. 1. 2 and 6 to 8 are plan views of the 
polarization forming optical device according to 
the first aspect of the present invention; 
Rg. 3 is a perspective view of Rg. 1 ; 
5 Rg. 4 is a plan view of a comparative example 
in relation to Rg. 2; 

Rgs. 5 and 15 are enlarged plan views of a part 
of the prism formed plate, illustrating a light 
transmitting condition; 

10 Rgs. 9. 10 and 14 are plan views of the po- 
larization forming optical device according to the 
second aspect of the present invention; 
Fig. 11 is a perspective view of Rg. 9; 
Rg. 12 is a plan view of a comparative example 

75 in relation to Rg. 10; 

Figs. 13 and 23 are enlarged plan views of a 
part of the prism formed plate, illustrating a light 
transmitting condition; 

Rgs. 16 and 17 are plan views of the polariza- 
20 tion forming optical device according to the third 

aspect of the present invention; 

Figs. 18 to 21 and 26 are plan views of the 

polarization forming optical device according to 

the fourth aspect of the present invention; 
25 Rgs. 22A and 22B are plan views illustrating 

modifications of the reflecting mirror shown in 

Rg. 18; 

Fig. 24 is a view illustrating a modification of the 
reflecting mirror; 
30 Figs. 25A and 258 are enlarged plan views of a 
part of the synthesizer prism shown in Figs. 16 
and 17; 

Fig. 27 is a perspective view of Rg. 18; 
Rgs. 28A. 288, 29A and 298 are views illustrat- 
35 ing modifications of the polarization beam split- 
ter; and 

Rgs. 30 and 31 are plan views of the polariza- 
tion forming optical device according to the fifth 
aspect of the present invention. 

40 

[Best f^ode for Carrying Out the Invention] 

There will now be described some preferred 
embodiments of the present invention. In the fol- 
45 lowing preferred embodiments, a 1/2 wave plate is 
employed, but it may be replaced by a TN liquid 
crystal cell. 

0) 

50 ^ - 

Rgs. 1 and 2 are plan views ^ of preferred 
embodiments of the present invention, and Rg. 3 is 
a perspective view of Rg. 1. . - . ' .j-; - 

In the preferred emtxjdiment shown in Rg. 1 . 
55 rays of light from a light source 5 are made parallel 
by a curved mirror 2. and then enter a prism type 
polarization beam splitter 4. A p-polarization com- 
ponent (shown by a solid line in the drawing) of the 
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incident light on the polarization beam splitter 4 is 
transnnitted through the polarization beam splitter 4, 
and a plane of polarization of the p-polarization 
component is rotated at 90 ' by a 1/2 wave plate 3 
to obtain an s-polarized light. The s-polarized light 
thus obtained is reflected by a first reflecting mirror 
6. and then enters a prism formed plate 1. The 
incident light on the prism formed plate 1 is re- 
fracted by prisms of the prism formed plate 1 to 
outgo therefrom. On the other, hand, an s-polarlza- 
tion component (shown by a dashed line In the 
drawing) of the incident light on the polarization 
beam splitter 4 is reflected by the polarization 
beam splitter 4, The s-polarization component thus 
reflected by the polarization beam splitter 4 is 
further reflected by a second reflecting mirror 6, 
and then enters the prism formed plate 1. The 
incident light on the prism formed plate 1 is re- 
fracted by the prisms of the prism formed plate 1 
to outgo therefrom. 

Thus, the two polarization components of the 
light from the light source 5 are made into an 
outgoing light beam as an s-polarized light beam. 

The preferred embodiment shown in Fig. 2 is 
similar to the* preferred embodiment shown in Fig. 
1 except that the 1/2 wave plate 3 is located in an 
optical path of the s-polarization component to be 
reflected by the polarization beam splitter 4. In this 
case, the outgoing light beam becomes a p-po- 
larized light beam. 

In the preferred embodiments shown in Figs. 1 
and 2. the two reflecting mirrors 6 and the prism 
formed plate 1 are so set as to overlap the light 
component transmitted through the polarization 
beam splitter 4 and the light component reflected 
by the polarization beam splitter 4 each other on 
the prism formed plate 1 . 

In the case that the setting position of the 
prism formed plate 1 is changed so as to make the 
device compact as shown in Rg. 4 which 'is a 
comparative example, the light component trans- 
mitted through the polarization beam splitter 4 out- 
goes from a left half of the prism formed plate 1 , 
while the light component reflected by the polariza- 
tion beam splitter 4 outgoes from a: right half of the 
prism formed plate '1. However, these two light 
components are different from each other in inten- 
sity and spectrum to cause non-uniformity of the 
outgoing light beam for the following reasons. 

(1) A reflectance of the polarization beam splitter 
4 for the s-polarized light is not strictly equal to 

. a transmittance of the polarization beam splitter 
4 for the p-polarized light. . v. :v 

(2) There is a loss of light* due to reflection and 
absorption by the 1/2 wave plate 3. 

(3) The 1/2 wave plate 3 has a dependency of a 
phase difference angle on a wavelength. 

In the prefen-ed embodiments shown in Figs. 1 



and 2, such a problem as in Fig. 4 does not occur 
since the two light components are uniformly 
mixed together on the outgoing surface (I.e.. the 
prism formed plate 1 ). 

5 The shape of each prism of the prism formed 

plate 1 is designed in the following manner. That 
is, as apparent from Rg. 5, in order to obtain an 
outgoing light beam parallel to a normal of the 
prism formed plate 1, an angle d defined between 

w a surface of each prism and the normal of the 
prism formed plate 1 is so selected as to satisfy 
the following equation (1 ) 

ni sino = sin^ 
15 ni cos( a + 0 ) = cos 0 (1) 

where nt represents a refractive index of the prism 
formed plate 1. and 0 represents an Incident angle 
of the light entering the prism formed plate 1 . 

20 Further, in Rg. 5. it is preferable that ni and ;3 

are to be selected so as to satisfy a ^ e . \i a < e , 
a part of the incident light rays is reflected on the 
other inclined surface of the prism to change an 
advancing direction as shown in Fig. 15. As a 

25 result, the rays of the outgoing light are not made 
parallel to cause a reduction In efficiency. 

In the preferred embodiments shown in Rgs. 1 
and 2, 0 - 45* is set. However, the incident angle 
0 may be changed by inclining the reflecting mir- 

30 rors 6. Fig. 6 shows a preferred embodiment in the 
case that ^3 < 45* is set, and Rg. 7 shows a 
preferred embodiment in the case that ^ > 45* is 
set. 

Rg. 8 shows a preferred embodiment employ- 
as ing a minror type polarization beam splitter 7. The 
employment of the mirror type polarization beam 
splitter 7 allows arbitrary selection of the incident 
angle 0 . That is, the incident angle 0 can be 
arbitrarily selected with the two reflecting mirrors 6 
40 maintained in parallel relationship. In the preferred 
embodiment shown in Rg. 8, ^ > 45* is set. 

In the present invention, a width of the out- 
going light beam is increased in a direction of Y- 
axis by (1/cos^ ) times a width of the incident light 
45 beam. In the preferred embodiments shown in 
Rgs. 1 and 2. )5 = 45* is set. so that the increas- 
ing rate in width of the outgoing light beam be- 
comes (1/cos 45* ) = 1.414. On the other hand, 
the width of the outgoing light beam- in the afore- 
50 mentioned prior art device described in Japanese 
Patent Laid-open Publication No. 63-168622 Is in- 
creased by two times. Therefore, in comparison 
with this prior art device, it is appreciated that the 
width of the outgoing light beam -according to the 
55 preferred embodiments shown in Rgs. 1 and 2 is 
reduced by about 30%. 

(11) 



6 



11 



EP 0.460 241 A1 



12 



The following preferred embodiments employ a 
prism formed plate formed from a transparent ptate 
having a plurality of microprism rows on one sur- 
face thereof, so as to devide a random polarized 
light from a light source into two light beams ad- 
vancing in two different directions. With this con- 
struction, the device can be made compact. Such a 
prism formed plate may be of course replaced by 
a single prism exhibiting substantially the same 
function. 

Rgs. 9 and 10 are plan views of preferred 
embodiments of the present invention, and Fig. 1 1 
is a perspective view of Rg. 9. 

In the preferred embodiment shown In Rg. 9, 
rays of light from a light source 105 are made 
parallel by a curved mirror 106, and then divided 
into two light beams advancing in two different 
directions by a prism formed plate 102 having a 
plurality of prism rows on one surface thereof. The 
divided light beams enter first and second prism 
type polarization beam splitters 104. A p-poiariza- 
tion component (shown by a solid line in the draw- 
ing) of each incident light on the polarization beam 
splitters 104 is transmitted through the polarization 
beam splitters 104. and a plane of polarization of 
each p-polarization component is rotated at 90* by 
first and second 1/2 wave plates 103 to obtain an 
s-polarization component. Then, the s-polarization 
component is refelcted by first and second reflect- 
ing mirrors 107 to enter "a prism formed plate 101 
having a plurality of prisms. The incident light 
beams on the prism formed plate 101 are refracted 
by^the prisms of the prism formed plate 101 to 
outgo therefrom. On the other hand, an s-polariza- 
tion component (shown by a dashed line in the 
drawing) of the incident light beams on. the po- 
larization beam splitters 104 is reflected by the 
polarization beam splitters 104, and then enters the 
prism formed ptate 101. The incident light beams 
on the prism formed plate 101 are refracted' by-the 
prisms of the prism formed plate 101 to outgo 
therefrom. 

Thus, the two polarization components of the 
light from the light source 105 are made into an 
oOtgoing light beam as an s-polarized light beam. 

\ In the preferred embodiment shown in Rg. 9, 
the two reflecting mirrors 107 are parallel to each 
other, and the' two polarization beam splitters 104 
are 'also parallel to each other. These reflecting 
mirrors 107 and polarization beam splitters 104 are 
disposed in perpendicular relationship to the prism 
formed plate 102. Accordingly, the divided light 
beams frorn the prism formed plate 102 enter the 
two polarization beam splitters 104 at the same 
incident angle (i.e.. 45l.in this preferred embodi- 
ment). 

The preferred embodiment shown in Fig. 10 is 
similar to the preferred embodiment shown in Rg. 



9 except that the first and second 1/2 wave plates 
103 are located in optical paths of the respective s- 
polarization components to be reflected by the first 
and second polarization beam splitters 104. In this 

5 case, the outgoing light t>eam becomes a p-po- 
larized light beam. 

In the preferred embodiments shown in Rgs. 9 
and 10, the two reflecting mirrors 107 and the 
prism formed plate 101 are so set as to overlap the 

TO two kinds of light components (i.e.. the one kind of 
light component whose plane of polarization is 
rotated by the 1/2 wave plates 103 and the other 
kind of light component whose plane of polarization 
is not rotated by the 1/2 wave plates 103) each 

75 other on the prism formed plate 101. More specifi- 
cally, the light component from the first polarization 
beam splitter 104 whose plane of polarization Is 
rotated by the first 1/2 wave plate 103 and the light 
component from the second polarization beam 

20 . splitter 104 whose plane of polarization is not rotat- 
ed by the second 1/2 wave plate 103 overlap each 
other on one half of the prism formed plate 101. On 
the other hand, the light component from the first 
polarization beam splitter 104 whose plane of po- 

25 larization is not rotated by the first 1/2 wave plate 
103 and the light component from the second 
polarization beam splitter 104 whose plane of po- 
larization is rotated by the second 1/2 wave plate 
103 overlap each other on the other half of the 

30 prism formed plate 101. 

In the case that the setting position of the 
prism formed plate 101 is changed so as to make 
the device compact as shown In Rg. 12 which is a 
comparative example, the light components trans- 

35 mitted through the first and second polarization 
beam splitters 104 outgo from an outer peripheral 
portion of the prism formed plate 101. while the 
light components reflected by the first and second 
polarization beam splitters 104 outgo from a central 

40 portion of the prism formed plate 101. However, 
these two kinds of light components are different 
from each other in intensity and spectnjm to cause 
non-uniformity of the outgoing light beam for the 
aforementioned reasons. 

45 In the preferred embodiments shown in Rgs. 9 

and 10. such a problem as in Rg. 12 does not 
occur since the two kinds of light components are 
uniformly mixed together on the outgoing surface 
(i.e.. the prism formed plate 101). 

50 The shape of each prism of: the prism formed 
plate 101 is designed in accordance with the afore- 
mentioned description with reference to Rg. 5. 

On the other hand, the shape of each prism of 
the prism formed plate 102 i^ designed in tiie 

55 following manner. That is. as apparent from Rg. 13, 
an angle 5 defined between a surface of each 
prism and a normal of the prism formed plate 102 
is so selected as to satisfy the following- equation 
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(2). 

r\2 sin-y = sin^ 

02 cos( 7 + 5 ) = cos 5 (2) 

where 02 represents a refractive index of the prisnn 
formed piate 102. 

If -y > 5 in Rg. 13, a part of the incident light 
rays is reflected on the other inclined surface of the 
prism to change an advancing direction as shown 
in Rg. 23. As a result, the same outgoing angle 
cannot be obtained to cause a reduction in effi- 
ciency. Therefore, it is preferable that ns and 5 are 
to be selected so as to satisfy 7^5. 

.^In the case that the two prism formed plates 
lot and 102 are formed of the same material, ni 
= n2 holds. Therefore, 7 = a and S = B hold from 
the above equations (1) and (2). and the shapes of 
the prisms of the prism formed plates 101 and 102 
become similar to each other. Further, under the 
conditions of the a ^ a and y^6,y=^a = 6~e 
holds. In this case, solving the above equation (1) 
for e , the following equation (3) is given. 

e = cps-^ {fr + (1 + 8n,2)i'2 ]/4ni } (3) 



In the preferred embodiments shown in Rgs. 9 
and 10, )3 = 45' is set as previously mentioned. 
Accordingly, under the condition of ni = n2. the 
above equation (3) gives m = na = 1.538. Thus, it 
is appreciated that a material having the refractive 
inde)f-of 1.538 is to be used for the prism formed 
plates 101 and 102. Further, in the case that the 
prism formed plates 101 and 102 are formed of 
different materials, the materials are to be selected 
so as to satisfy ni S 1.538and n2 S 1.538 . 

Fig. 14 shows a preferred embodiment em- 
ploying two mirror type polarisation beam splitters 
108. The employment of the mirror type polariza- 
tion beam splitters 108 allows arbitrary selection of 
the incident angle 0 . That is. the incident angle ^ 
can be arbitrarily selected with the two reflecting 
mirrors 107 maintained in parallel relationship. In 
the^ preferred embodiment shown in Rg. 14. )3 > 
45 * is set. 

(Ill) 

Rgs* 1 6 and 1 7 are plan views of preferred 
embodiments of the present invention. 

Referring to Rg. 16. a p-poiarization compo- 
nent oU an incident lighf from A is transmitted 
through a polarization beam splitter 218. while an 
s-polarization component ,.of the incident light is 
converted into a p-polarized light via the polariza- 
tion beam splitter 218. a 1/2 wave plate 211 and a 
reflecting mirror 205. These p-polarized lights are 



synthesized by a synthesizer prism 202. 

The preferred embodiment shown in Fig. 16 is 
constructed of the polarization beam splitter 218 
and five triangular prisms inclusive of the syn- 

5 thesizer prism 202. These elements bonded to- 
gether by adhesive 217 having a low refractive 
index. With this construction, a broadening light 
beam is enclosed in the prisms by total reflection 
to form a wave guide. Therefore, the light from the 

10 light source can be efficiently guided to the syn- 
thesizer prism 202. However, if a light source emit- 
ting a beam of a small broadening angle is used, 
the wave guide need not be formed but the device 
may be integrally formed. 

TS The synthesizer prism 202 has a plurality of 

microprism rows on one surface thereof. An angle 
defined between optical axes of the two light 
beams incident on the synthesizer prism 202 is 
equally divided into two by a normal of the micro- 

20 prism formed surface of the synthesizer prism 202. 
A vertex angle of each microprism is so set as to 
satisfy the following equation (4) with reference to 
Rgs. 25A and 25B. 

25 na cos( ^ + ) = cos 0 (4) 

where na represents a refractive index of each 
microprism: d represents a half of the vertex angle 
of each microprism; and ^ represents an angle 
30 defined between the normal of the microprism 
formed surface and the optical axis of the incident 
light. 

\i e > 4> , a part of the rays of the incident light 
is reflected on the other inclined surface of each 

35 microprism to change an advancing direction as 
shown in Rg. 25A. As a result, the rays of an 
outgoing light are not made parallel to cause a 
reduction in efficiency. Therefore, it is preferable 
that n3, d and <t> are to be selected so as to satisfy 

40 d < 4> or 9 - i> as shown in Fig. 258. In the 
preferred embodiments shown in Rgs. 16 and 17, 
na = 1.49 and fl = ^ = 26.5* are set. 

While a p-polarized outgoing light is obtained 
by the construction shown in Rg. 16, an s-po- 

45 larized outgoing light can be obtained by changing 
the position of the light source from A to B or by 
changing the position of the 1/2 wave plate 211 
from C to C*. In the case that both the positions are 
changed, a p-polarized outgoing light can be ob- 

50 tained.. 

The preferred embodiment shown in Rg. 17 is 
sut)stantiaily the same in construction as the pre- 
ferred embodiment shown- in Rg. 16 except that 
the position of the 1/2 wave plate 211 is changed. 

55 The same operation as that in the preferred em- 
bodiment shown in Rg. 16 can be obtained. 

(IV) 
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Rg. 18 is a plan view of a preferred embodi- 
ment of the present invention, and Fig. 27 is a 
perspective view of Fig. 18. 

In the preferred embodiment shown in Fig. 18. 
rays of light from a light source 305 are made 
parallel by a curved miror 306. and then enter a 
prism type polarization beam splitter 303 at an 
incident angle of 45* .A p-polarization component 
of the incident light is transmitted through the po- 
larization beam splitter 303. and a plane of po- 
larization of the p-polarization component is rotated 
at 90* by a 1/2 wave plate 304 to obtain an s- 
polarized light. A half of the s-polarlzed light thus 
obtained is reflected at 45* by a first reflecting 
mirror 308 to change an advancing direction at 90* 
. and then enters a half of a first prism formed 
plate 302, while the other half of the s-polarized 
tight directly enters the half of the first prism 
formed plate 302. The incident light on the half of 
the first prism formed plate 302 is refracted by 
prisms of the first prism formed plate 302 to outgo 
therefrom. On the other hand, an s-polarization 
component of the incident light on the polarization 
beam splitter 303 is reflected by the polarization 
beam splitter 303. A half of the s-polarization com- 
ponent thus reflected by the polarization beam 
splitter 303 is further reflected at 45 * by a second 
reflecting mirror 308 to change an advancing direc- 
tion at 90* , and then enters the other half of the 
first prism formed plate 302. while the other half of 
the s-polarization component reflected by the po- 
larization beam splitter 303 directly enters the other 
half of the first prism formed plate 302. The in- 
cident light on the other half of the first prism 
formed plate 302 is refracted by the prisms of the 
first prism formed plate 302 to outgo therefrom. 
The rays of the outgoing light from the first prism 
formed plate 302 can be made parallel by suitably 
selecting the shape and the refractive . index of 
each prism of the first prism formed plate 302: The 
polarization beam splitter 303. the 1/2 wave plate 
304. the. first prism formed , plate 302 and the 
reflecting mirrors 308 constitute the polarizing sec- 
tion according to the present invention. 

The outgoing light from the half of the first 
prism formed, plate 302 enters the whole of a 
second prism formed plate 301 at an incident angle 
of 45* , and is then refracted by prisms of the 
second prism formed plate 301 to outgo therefrom. 
On the other hand, the outgoing light from the 
other half of the first prism formed plate 302 enters 
the whole of a reflecting mirror 307 at. an incident 
angle of 45* to change an advancing direction at 
90* . The reflected light then enters the whole of 
the second prism fornried plate 301 at an incident 
angle of 45* , and is then refracted by the prisms 
of the second prism formed plate 301 to outgo 
therefrom. The rays of the outgoing light from the 



second prism formed plate 301 can be made par- 
allel by suitably selecting the shape and the refrac- 
tive index of each prism of the second prism 
formed plate 301. A beam width of the outgoing 

5 light from the second prism formed plate 301 be- 
comes identical with a beam width of the incident 
light from the light source 305. The reflecting mir- 
ror 307 and the second prism formed plate 301 
constitute the light beam width reducing section 

10 according to the present invention. 

The first prism formed plate 302 and the sec- 
ond prism formed plate 301 satisfy substantially 
the same conditions as those mentioned in relation 
to the prism formed plate shown in Rgs. 1. 2. 9 

TS and 10. Further, the non-uniformity of the outgoing 
light from the polarizing section as previously men- 
tioned with reference to Rg. 4 can be canceled by 
the mixing of the light in the beam width reducing 
section. 

20 . The reflecting mirror 307 employed in the pre- 
ferred embodiment shown in Fig, 18 may be 
formed of a metal mirror or a dielectric multi-layer 
film. Alternatively, as shown in Rg. 24, the reflect- 
ing mirror 307 may be a total reflecting mirror 

25 utilizing that the incident angle and the reflection 
angle are 45* . That is. the total reflecting mirror is 
constructed of a transparent plate having a refrac- 
tive index of 2^^ or more and a plurality of rectan- 
gular prism rows formed on one surface of the 

30 transparent plate. 

Similarly, the preferred embodiments shown in 
Rgs. 22A and 22B utilize a total reflecting mirror. In 
the preferred embodiment shown in Rg. 22B. a 
rectangular prism 311 is employed. In the preferred 

35 embodiment shown in Fig. 22A. a modified rectan- 
gular prism 310 having a plurality of rectangular 
microprism rows on a light outgoing surface there- 
of. This modified rectangular prism 310 also serves 
as a light conductor for conducting a total outgoing 

40 light from the first prism formed plate 302. 

Such constructions as. shown in Rgs. 22A and 
22B may be applied to the reflecting mirrors 6 
shown in Rgs. 1 to 3, the reflecting min^ors 107 
shown in Rgs. 9 to 11. the reflecting mirrors 308 

45 shown in Rgs. 18 to 21 and 27. and reflecting 
members 407 to be hereinafter described with ref- 
erence to Rg. 30. 

In the preferred embodiment shown in Rg. 18, 
the second prism formed plate 301 and the reflect- 
so ing mirror 307 may be interchanged in position, so 
' as to let the light beam outgo in a direction per- 
pendicular to the direction of the incident light on 
the polarization beam splitter 303. Further, the po- 
sitions of the light: source . 305 and the curved 

55 mirror 306 may be changed to the positions shown 
by 305* and 306\ respectively; so as to obtain a p- 
pblarized outgoing light. 

Further, both the light sources 305 and 305' 
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having different colors may be located to obtain 
polarized outgoing lights having different planes of 
polarization. Alternatively, the plane of polarization 
can be momentarily selected by locating both the 
light sources 305 and 305' and carrying out chan- s 
geover of a switch (turning on either the light 
source 305 or 305' by operating the switch). Fur- 
ther, a degree of polarization can be continuously 
changed by changing a brightness of both of the 
light sources 305 and 305'., However, in the case ic 
that the TN liquid crystal ceil is used in substitution 
for the 1/2 wave plate, such special effects cannot 
be obtained because a plane of polarization of an 
incident light to the TN liquid crystal cell and a 
plane of polarization of an outgoing light from the 75 
TN,Jjquid crystal cell must be specified. 

The above-mentioned modifications can be ap- 
plied to the preferred embodiments shown in Rgs. 
1 to 3, 6, 7. 16 and 17. However, in the preferred 
embodiments employing a mirror type polarization 20 
beam splitter as shown in Figs. 8 and 26. the 
modification that the light sources having different 
colors are located cannot be substantially applied 
because a wavelength band to be used is narrow. 

In Fig. 26. 314 denotes a mirror type polariza- 25 
tioa beam splitter. 

The preferred embodiment shown In Rg. 19 
employs two second prism formed plates 301 and 
two dichroic mirrors 309a and 309b to have a 
function of color separation by utilizing a wide band 30 
property of the prism type polarization beam split- 
ter. For example, in the case, that the dichroic 
mirrpr- 309a is a min-or which transmits a red light 
and reflects green and blue lights, and that the 
dichroic mirror 309b is a mirror which transmits 35 
green and blue lights and reflects a red light, a red 
polarized light and a cyan polarized light are ob- 
tained from the second prism formed plates 301, 
respectively. 

The preferred embodiments shown in Figs. 20 4o 
and 21 employ a plurality of prism type poiarizaton 
beam splitters 303 and a plurality of 1/2 wave 
plates 304, so as to reduce a total size and weight, 
thus making- the device compact and light in 
weight . ^ 

(V) ' . 

Fig: 30 is a plan view of a prefenred embodi- 
ment of the present invention. While the light beam 50 
width reducing section is disposed behind the po- 
larizing* section in the previous preferred embodi- 
ments shown in Rgs; -18 tor2l and 26. the light 
beam width reducing section in this preferred em- 
bodiment shown in Rg. 30 is disposed before the ss 
polarizing section, in which a beam width of an 
outgoing polarized light is made equal to a beam 
width of an incident light similarly to the previous 



preferred embodiments. 

In the preferred embodiment shown in Rg. 30, 
a prism type polarization beam splitter 413 is em- 
ployed. Two outgoing light beams from the po- 
larization beam splitter 413 are reflected by first 
and second reflecting members 407 to be guided 
to a second prism formed plate 402. With this 
arrangement, the beam width of the outgoing light 
from the polarizing section can be made equal to 
the beam width of the incident light to the light 
beam width reducing section. 

The light beam width reducing section in this 
preferred embodiment employs a light conductor 
409 formed from a rectangular prism having a 
plurality of microprism rows on a light outgoing 
surface thereof. The light conductor 409 has a total 
reflecting surface adjacent to the light outgoing 
surface. 

A transmitting means 427 is attached to one of 
two light outgoing surfaces of the polarization beam 
splitter 413. so as to rotate a plane of polarization 
of the transmitted light through the polarization 
beam splitter 413 at 90* . That is. a p-polarization 
component of the outgoing light from a first prism 
formed plate 401 is transmitted through the po- 
larization beam splitter 413, and is further transmit- 
ted through the transmitting means 427. Upon 
transmission through the transmitting means 427, 
the p-polarization component is converted into an 
' s-polarized light by the rotation of the plane of 
polarization at 90* . On the other hand, an s- 
polarization component of the outgoing light from 
the first prism formed plate 401 is reflected by the 
polarization beam splitter 413. These two s-po- 
larized lights are reflected by the reflecting mem- 
bers 407 to be guided to the second prism formed 
plate 402 to outgo therefrom in parallel. 

While the outgoing light from the polarizing 
section is an s-polarized light in this preferred 
embodiment, a p-polarized outgoing light-can be 
obtained by substituting a transmitting means 427* 
for the transmitting means 427 as shown in Rg. 30, 
Fig. 31 is a plan view of a preferred embodi- 
ment of the present invention. This prefen-ed em- 
bodiment is realized by juxtaposing a plurality of 
the device shown in Rg. 30 and eliminating the 
reflecting members 407. In the preferred embodi- 
ment shown in Rg. 31. a single second prism 
formed plate 402 is commonly used for the- plural 
repeating units of the light beam width reducing 
sections and the polarizing section?;- so that dif- 
ferent incident light beams to the plural light beam 
width reducing sections are synthesized by the 
single second prism formed plate 402. 

With this arrangement, a volume of the device 
as a whole can be remarkably reduced to realize a 
compact and lightweight construction. 
. The mirror type polarization beam splitter em- 
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ployed in the preferred embodiments shown in 
Rgs. 8« 14 and 26 is formed by coating a multi- 
layer of optical thin films on a transparent plate. 
The s-polarization component and the p-polariza- 
tion component are separated from each other by 
utilizing that a reflectance of the s-polahzation com- 
ponent is different from that of the p-polarization 
component. The application of the mirror type po- 
larization beam splitter is limited to a monoch- 
romatic light because a wavelength band to be 
covered is harrow. However, the- mirror type po- 
larization beam splitter has an advantage that it is 
light in weight owing to its plate-like construction. 

The prism type polarization beam splitter em- 
ployed in the preferred embodiments shown in 
Rgs. 1 to 3. 6. 7. 9 to 12. 16 to 21, 27. 30 and 31 
is formed by attaching two rectangular prisms to- 
gether with a multi-layer polarizing film interposed 
therebetween. The splitter of this type can be used 
for a substantially entire wavelength band of a 
visible light, that is, a white light. The multi-layer 
polarizing film as mentioned above is a dielectric 
multi-layer film formed by alternately laminating a 
substance having a high refractive index and a 
substance"* having a low refractive index so as to 
obtain an angle of refraction qual to a Brewster's 
angle. 

in the present invention, a polarization beam 
splitter shown in Rgs. 28A and 28B may be used. 

The polarization beam splitter shown in Rgs. 
28A and 288 is formed by interposing a multi-layer 
polarizing film 414 between two transparent plates 
each formed with rows of rectangular prism ele- 
ments. The multi-layer polarizing film 414 is the 
same as that of the prism type polarization beam 
splitter as mentioned above. The surfaces of each 
prism element formed on each transparent plate 
has the same function as that of the incident sur- 
face, the reflecting surface and. the outgoing sur- 
face of the prism type polarization beam splitter. 
Ck)nsequently, the polarization beam splitter shown 
in Rgs. 28A and 288 has the same function as that 
of the prism type polarization beam splitter. It is not 
preferable- to apply the splitter as shown in Rgs. 
28A and 288 to a coherent light such as a laser 
beam because coherence is disturbed. However, in 
the case where the splitter is applied to an incoher- 
ent tight source as in the present invention, there is 
no problem. 

Further, in the present invention, a polarization 
beam splitter 408 shown in Rgs. 29A and 298 may 
be also be used. 

The polarization beam splitter 408 shown in 
Rgs. 29A and 298 is constructed by substituting 
one of the transparent plates formed with the rows 
of the prism elements shown in Rgs. 28A and 288 
for one of the rectangular prisms of the prism type 
polarization beam splitter. As easily appreciated. 



the function of the polarization beam splitter 408 is 
the same as that of the prism type polarization 
. beam splitter. 

A manufacturing method of the polarization 

5 beam splitters shown in Rgs. 28A, 288. 29A and 
298 is basically the same as that of the prism type 
polarization beam splitter. That is. the multi-layer 
polarizing film is formed on one of the transparent 
plates having the prism elements or on the prism 

10 by vapor deposition or the like, and then the other 
transparent plate having the prism elements is bon- 
ded to the multi-layer polarizing film. 

Although the light source employed in the 
above-mentioned preferred embodiments is a 

15 beam light source using a curved mirror, it is to be 
easily understood that a beam light source using a 
lens may be employed as the light source accord- 
ing to the present invention. 

20 [Industrial Applicability!' 

According to the present invention as de- 
scribed above, a linear polarized light can be effi- 
ciently formed from a random polarized light 

25 source without generating non-uniformity of bright- 
ness by using a compact and simple device. 

Further, a linear polarized light can be effi- 
ciently formed from a random polarized light 
source by using a compact and simple device as 

30 suppressing the generation of non-uniformity of. 
brightness. 

Further, a linear polarized light can be effi- 
ciently iformed from a random polarized light 
source by using a compact and simple device 
35 without* expanding a beam width or with little ex- 
pansion of a beam width. 

Claims 

40 1. A polarization forming optical device compris- 
ing a polarization beam splitter for reflecting 
one of a p-polarization component and an s- 
polarization component of light emitted from a 
light source and for transmitting the othen 

45 transmitting means for rotating a plane of po- 

larization of one of a reflected light and a 
transmitted light from said polarization beam 
splitter at 90* ; a prism formed plate having a 
plurality of prism rows on one surface thereof 

50 for transmitting and synthesizing the reflected 

light and the transmitted light as two divided 
light beams from said polarization beam split- 
ter; and first and second light reflecting means 
- for guiding said two divided light beams from 

55 said polarization beam splitter to said prism 

formed plate on an opposite side of said one 
surface formed with said prism rows, so as to 
overiap the reflected light and the transmitted 
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light each other on the other surface of said 
prism formed plate. 

2. The polarization forming optical device as de- 
fined in claim 1. wherein said transmitting 5 
means is a 1/2 wave plate. 

3. The polarization forming optical device as de- 
fined in claim 1. wherein said transmitting 
means is a TN liquid crystal cell. 70 

4. A polarization forming optical device compris- 
ing dividing means for dividing light emitted 
from a light source into two light beams advan- 

cing in two different directions; first and sec- is 
ond polarization beam splitters for reflecting 
one of a p-polarizaton component and an s- 
polarization component pi said two light beams 
and for transmitting the other; first and second 
transmitting means for rotating a plane of po- • 20 
larization of one of a reflected light and a 
transmitted light from said first and second 
polarization bisam splitters at 90* ; a prism 
formed plate having a plurality of prism rows 
pn one- surface thereof for transmitting and 25 
synthesizing, the reflected light and the trans- * 
mitted light as four divided light beams from 
said first and second polarization tjeam split- 
ters; and first and second tight reflecting 
means for guiding said four divided light 30 
beams from said first and second polarization 
beam splitters to said prism formed plate on 

^an opposite side of said one surface formed 
with said prism rows, so as to overlap the 

reflected light from said first polarization beam 35 
splitter and the transmitted light from said sec- 
ond polarization beam splitter each other and 
also overlap the transmitted light from said first 
polarization beam splitter and the reflected 
light from said second polarization beam spilt- 4o 
ter each other on the other surface of said 
prism formed plate. 

5. The polarization forming optical device as de- 
fined in claim 4, wherein said transmitting 45 
means is a 1/2 wave plate. 

6. The polarization forming optical device as de- 
fined in claim 4. wherein said transmitting 

- means Is a TN liquid crystal cell. so 

7. A ^polarization forming , optical device compris- 
ing a polarization beam splitter for reflecting 

• one of a p-polarization component and an s- 
polarization component of light emitted from a 55 
light source and for transmitting the other; 
transmitting means for transmitting a reflected 
light or a transmitted light from said polariza- 



tion beam splitter and for rotating a plane of 
polarization of an incident light at 90 * ; a 
reflecting mirror for changing an advancing di- 
rection of one of said reflected light and said 
transmitted light from said polarization beam 
splitter in such a manner that said reflected 
light intersects said transmitted light; and a 
prism for making advancing directions of said 
reflected light and said transmitted light inter- 
sected coincident with each other to synthe- 
size said reflected light and said transmitted 
light. 

8. The polarization forming optical device as de- 
fined in claim 7. wherein said transmitting 
means Is a 1/2 wave plate. 

9. The polarization forming optical device as de- 
fined in claim 7, wherein said transmitting 
means is a TN liquid crystal cell. 

10. A polarization forming optical device compris- 
ing a polarizing section and a light beam width 
reducing section, wherein: 

said polarizing section comprises a po- 
larization beam splitter for reflecting one of a 
p-polarization component and an s-polarization 
component of light emitted from a light source 
and for transmitting the other; transmitting 
means for transmitting one of a reflected light 
and a transmitted light from said polarization 
beam splitter and for rotating a plane of po- 
larization at 90* ; a first prism formed plate 
having one surface formed with a plurality of 
prism rows for making an advancing direction 
of a transmitted light from said transmitting 
means coincident with an advancing direction 
of the other of said reflected light and said 
transmitted light from said polarization beam 
splitter to synthesize the two light beams from 
said transmitting means and said polarization 
beam splitter; and . a pair of reflectors- for re- 
flecting a part of the other of said reflected 
light and said transmitted light from said po- 
larization beam splitter and also for reflecting a 
part of said transmitted light from said trans- 
mitting means, so as to guide both the parts to 
said first prism formed plate; and ' 

said light beam width reducing section 
comprises a reflecting surface for reflecting at 
least one part of a synthesized light from. said 
first prism formed plate; and a second prism 
formed plate having one surface formed with a 
plurality of prism- rows for making an advan- 
cing direction of a reflected light from said 
reflecting surface coincident with an advancing 
direction of the other part of said synthesized 
light from said first prism formed plate to syn- 
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thestze said reflected light and said other part. 

11. The polarization forming optical device as de- 
fined in clainn 10, wherein said transmitting 
means is a 1/2 wave plate. 

12. The polarization forming optical device as de- 
frned in claim 10. wherein said transmitting 
means is a TN liquid crystal cell. 

13. A polarization forming optical device compris- 
ing a light beam width reducing section and a 
polarizing section, wherein: 

said light beam width reducing section 
comprises a reflecting member for reflecting a 
part of light emitted from a light source; and a 
first prism formed plate having one surface 
formed with a plurality of prism rows for mak- 
ing an advancing direction of a reflected light 
from said reflecting member coincident with an 
advancing direction of the other part of said 
light from said light source to synthesize said 
reflected light and said other part; and 

said polarizing section comprises a po- 
j lanzation beam splitter for reflecting one of a 
p-polarization component and an s-polarization 
component of a synthesized light from said 
light beam width reducing section and for 
transmitting the other; transmitting means for 
receiving one of a reflected light and a trans- 
mitted light from said polarization beam splitter 
and for rotating a plane of polarization at 90 
to obtain a transmitted light component; a sec- 
ond prism formed plate having one surface 
formed with a plurality of prism rows for mak- 
ing an advancing direction of said transmitted 
light component from said transmitting means 
coincident with an advancing direction of the 
other of said reflected light and said transmit- 
ted light from said polarization beam splitter to 
synthesize said transmitted light component 
and said other: and a reflecting member for 
conducting at least one part of said transmitted 
irght component from said transmitting means 
and at least pne part of said other of said 
reflected light and said transmitted light from 
said polarization beam splitter. 



with said device according to claim 13, 
wherein said plurality of repeating units are 
juxtaposed so as to make the outgoing light 
beams from the light beam width reducing 
5 sections of the repeating units parallel to one 

another, and said reflecting member in said 
polarizing section according to claim 13 is 
eliminated. 

10 17. The polarization forming optical device as de- 
fined in anyone of claims 1 to 16. wherein said 
polarization beam splitter comprises two trans- 
parent plates and a multi-layer polarizing film 
interposed between said two transparent 

15 plates, each of said transparent plates being 

formed on its outer side surface with a plurality 
of prisms arranged in parallel rows, each of 
said prisms having two adjacent surfaces In- 
clined at 45* with respect to a normal to an 

20 inner side surface of each said transparent 

plate and inclined at 90 ' with respect to each 
other. 

18. The polarization forming optical device as de- 
25 fined in anyone of claims 1 to 16. wherein said 

polarization beam splitter comprises a single 
transparent plate, a rectangular prism and a 
multi-layer polarizing film Interposed between 
an inner side surface of said transparent plate 
30 and a slant surface of said rectangular prism, 

said transparent plate being formed on its out- 
er side surface with a plurality of prisms ar- 
ranged in parallel rows, each of said prisms 
having two adjacent surfaces inclined at 45* 
35 with respect to a normal to said inner side 

surface of said transparent plate and inclined 
at 90* with respect to each other. 
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14. The polarization forming optical device as de- 
fined in claim 13. wherein said transmitting so 
means Is a 1/2 wave plate. 

15. The polarization forming optical device as de- 
fined in claim 13. wherein said transmitting 
means is a TN liquid crystal cell. 55 

16. A polarization forming optical device compris- 
ing a plurality of repeating units. each identical 
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CLAIMS 

1. A polarization forming optical device comprising a 
polarization beam splitter for reflecting one of a p- 
polarization component and an s-polarization component of 
light emitted from a light source and for transmitting the 
other; transmitting means for rotating a plane of 
polarization of one of a reflected light and a transmitted 
light from said polarization beam splitter at 90° ; a prism; 
formed plate having a plurality of prism rows on one surface 
thereof for transmitting and synthesizing the reflected light 
and the transmitted light as two divided light beams from 
said polarization beam splitter; and first and second light 
reflecting means for guiding said two divided light beams 
from said polarization beam splitter to said prism formed 
plate on an opposite side of said one surface formed with 
said prism rows, so as to overlap the reflected light and the 
transmitted light each other on the other surface of said 
prism formed plate. 

2. The polarization forming optical device as defined in 
claim 1, wherein said transmitting means is a 1/2 wave plate. 

3. The polarization forming optical device as defined in 
claim 1, wherein said transmitting means is a TN liquid 
crystal cell. 

4. A polarization forming optical device comprising 
dividing means for dividing light emitted from a light source 
into two light beams advancing in two different directions; 
first and second polarization beam splitters for reflecting 
one of a p-polarizaton component and an s-polarization 



component of said two light beams and for transmitting the 
other; first and second transmitting means for rotating a 
plane of polarization of one of a reflected light and a 
transmitted light from said first and second polarization 
beam splitters at 90' ; a prism formed plate having a 
plurality of prism rows on one surface thereof for 
transmitting and synthesizing the reflected light and the 
transmitted light as four divided light beams from said first 
and second polarization beam splitters; and first and second 
light reflecting means for guiding said four divided light 
beams from said first and second polarization beam splitters 
to said prism formed plate on an opposite side of said one 
surface formed with said prism rows, so as to overlap the 
reflected light from said first polarization beam splitter 
and the transmitted light from said second polarization beam 
splitter each other and also overlap the transmitted light 
from said first polarization beam splitter and the reflected 
light from said second polarization beam splitter each other 
on the other surface of said prism formed plate. 

5. The polarization forming optical device as defined in 
claim 4, wherein said transmitting means is a 1/2 wave plate. 

6. The polarization forming optical device as defined in 
claim 4, wherein said transmitting means is a TN liquid 
crystal cell. 

7. A polarization forming optical device comprising a 
polarization beam splitter for reflecting one of a p- 
polarization component and an s-polarization component of 
light emitted from a light source and for transmitting the 



other; transmitting means for transmitting a reflected light 
or a transmitted light from said polarization beam splitter 
and for rotating a plane of polarization of an incident light 
at 90 ** ; a reflecting mirror for changing an advancing 
direction of one of said reflected light and said transmitted 
light from said polarization beam splitter in such a manner 
that said reflected light intersects said transmitted light; 
and a prism for making advancing directions of said reflected 
light and said transmitted light intersected coincident with 
each other to synthesize said reflected light and said 
transmitted light. 

8. The polarization forming optical device as defined in 
claim 7, wherein said transmitting means is a*l72 wave plate. 

9. The polarization forming optical device as defined in 
claim 7, wherein said transmitting means is a 'TN liquid 
crystal cell. 

10. A polarization forming optical device comprising a 
polarizing section and a light beam width reducing section, 
wherein : S 

said polarizing section comprises a polarization beam 
splitter for reflecting one of a p-polarization component and 
an s-polarization component of light emitted from a light 
source and for transmitting the other; transmitting means for 
transmitting one of a reflected liqht and_a transmj^tt ed lig ht 
from said polarization beam splitter *and for rotating a plane 
of polarization at 90* ; a first prism formed plate having 
one surface formed with a plurality of prism rows for making 
an advancing direction of a transmitted light from' said 



transmitting .eans coincident with an advancing direction of 
the other of said reflected light and said transmitted light 
fro. said polarization bean, splitter to synthesize the two 
Ugnt beams from said transmitting . means and said polarization 
beam splitter; and a pair of reflectors for reflecting a part 
Of the other of said reflected light and said transmitted 
light from said polarization beam splitter and also for 
reflecting a part of said transmitted light from said 
transmitting means, so as to guide both the parts to said 
first prism fonned plate; and 

said light beam width reducing section comprises a 
reflecting surface for reflecting at least one part of a 

second prism formed plate having one surface formed with a 
Plurality of prism rows for making an advancing direction of 
a reflected light from said reflecting surface coincident with 
an advancing direction of the other part of said synthesized 
light from said first prism formed plate to synthesize said 
reflected light and said other part. 

11. The polarization forming optical device as defined 
in claim 10, wherein said transmitting means is a a«: -„ave 
plate. 

12- The polarization forming optical device as defined in 

Claim 10, wherein said transmi ^-^ ■: 

*-'."_^iE2.?-'0i-- -ing means i s a tw T-i^ iiid 

crystal cell. 

13. A polarization forming optical device comprising a " 

ixght beam width reducing section and a polarizing section, 
wherein: 
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said light beam width reducing section comprises a 
reflecting member for reflecting a part of light emitted fron 
a light source; and a first prism formed plate having one 
surface formed with a plurality of prism rows for making an 
advancing direction of a reflected light from said reflecting 
member coincident with an advancing direction of the other 
part of said light from said light source to synthesize said 
reflected light and said other part; and 

said polarizing section comprises a polarization beam 
splitter for reflecting one of a p-polarization component and 
an s-polarization component of a synthesized light from said 
light beam width reducing section and for transmitting the 
other; transmitting means for receiving one of a reflected 
light and a transmitted light from said polarization beam 
splitter and for rotating a plane of polarization at 90 to 
obtain a transmitted light component; a second prism formed 
plate having one surface formed with a plurality of prism 
rows for making an advancing direction of said transmitted 
light component from said transmitting means coincident with 
an advancing direction of the other of said reflected light 
and said transmitted light from said polarization beam 
splitter to synthesize said transmitted light component and 
said other; and a reflecting member for conducting at least 
one part of said transmitted light component from said 
transmitting means and at least one part of said other of 
said reflected light and said transmitted light from said 
polarization beam splitter. 

14. The polarization forming optical device as defined 
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.|\ in claim 13, wherein said transmitting means is a 1/2 wave 
plate. 

15. The polarization forming optical device as defined in 
V claim 13, wherein said transmitting means is a TN liquid 

crystal cell. 

16. A polarization forming optical device comprising a 
plurality of repeating units each identical with said device 
according to claim 13, wherein said plurality of repeating 

>>^ units are juxtaposed so as to make the outgoing light beams 
from the light beam width reducing sections of the repeating 
units parallel to one another, and said reflecting member in 
said polarizing section according to claim 13 is eliminated. 

17. The polarization forming optical device as defined in 
anyone of claims 1 to 16, wherein said polarization beam 
splitter comprises two transparent plates and a multi-layer 
polarizing film interposed between said two transparent 
plates, each of said transparent plates being formed on its 

^ outer side surface with a plurality of prisms arranged in 

parallel rows, each of said prisms having two adjacent 
surfaces inclined at 45' with respect to a normal to an inner 
side surface of each said transparent plate and inclined at 
90° with respect to each other. 

18. The polarization forming optical device as defined in 
anyone of claims 1 to 16, wherein said polarization beam 
splitter comprises a single transparent plate, a rectangular 
prism and a multi-layer polarizing film interposed between an 
inner side surface of said transparent plate and a slant 
surface of said rectangular prism, said transparent plate 



being formed on its outer side surface with a plurality of 
prisms arranged in parallel rows, each of said prisms having 
two adjacent surfaces inclined at 45' with respect to a 
normal to said inner side surface of said transparent . plate 
and inclined at 90" with respect to each other. 



